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By 
YASUHIRO NAG A T S U K A (*~~5l.) 
(Department of Psyclwlogy, Niigata University, Niigata) 
Three experiments were designed to investigate whether an apparent movement 
(AM) test was useful as an index of fatigue or not. The experimental conditions prepared 
for the investigation were as follows: (1) short-term physical loading, (2) short-term 
mental loading, and (3) long-term measuring for six days. 
In these conditions, measurements consisting of AM, two-point limen and OFF were 
carried out. It was found that AM was apt to show a definitive change, i.e., the distance 
between two lights which elicits an optimal AM had a tendency to increase, in all of 
three experimental conditions. Under the same conditions, two-point limen also 
showed a similar change, but OFF did not. 
On the basis of these findings, it was suggested that AM test had a possibility 
of being used as one of the indexes of fatigue. 
PROBLEM 
Fatigue manifests itself in various forms, and therefore cannot be measured or 
indicated by a single test or a change of one function, as stated by Hashimoto (1971). 
Preference of a single method would be too risky to evaluate any type of fatigue effect 
on performance. Here arises the problem of selecting an appropriate test battery. In 
order to evaluate fatigue appropriately, it may be hoped that many-sided measurements 
of fatigue should be prepared. 
It is true that nowadays, in Japan, a variety of methods of measuring fatigue have 
been developed, as shown in a monograph on Methods of Functional Tests for Prediction 
of Fatigue published in 1957 by the Industrial Fatigue Research Committee of Japan 
Association of Industrial Health. Only a few tests, however, are in wide use, i.e., we 
have no conclusive method as yet, to use Grandjean & Kogi's words (1971). 
The test procedure most frequently used until now is certainly the measurement of 
critical fusion freqeucy (CFF). But this method is not free from difficulties. It was 
sometimes reported that CFF value showed no systematic change according either to 
the lapse of working time or to the degree of working load. Maruyama, Ohwaki, & 
Ohkubo (1959), for example, found in a research with coal-miners that the decrements of 
CFF were small contrary to their expectation, as compared with the value measured 
when the miners are judged to have been in the fatigued state, though the labor in the 
mine was so hard, and that there was no correlation between decrement of CFF and 
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the decrement of body weight. 
This finding gave the author the opportunity to make experiments on apparent 
movement (AM). The following points were the reasons for adopting AM as a 
subject of present investigation. (1) It is a measure representing perceptual function 
as the CFF. (2) It was reported that AM threshold had a tendency to change according 
to the systemic bodily conditions (Nagatsuka, 1960). 
The present experiment was designed to examine the hypothesis that AM thresh-
old would change under the conditions of bodily or mental fatigue, and survey the 
possibility of AM test as one of the methods of fatigue measurement, though it was 
unable to make clear whether the threshold was hightened or lowered. The reason for 
this was that in Nagatsuka's experiment, it was only under the condition of bodily 
restriction that the clear-cut change of AM threshold, i.e., the lowering of it, was found, 
and that there appeared no significant change under the condition of bodily enhance-
ment. 
Three experiments were conducted to test the hypothesis under three conditions. 
These conditions were regarded as involving a considerable amount of fatigue. In 
the experiments, two-point limen test and CFF test were carried out together with the 
AM test in order to obtain as sufficient data as possible and to make comparison among 
these indexes. 
EXPERIMENT I 
Changes of the three kinds of threshold due to hard bodily, muscular loading were 
investigated. 
METHOD 
Apparatus: 1. Apparent movement - The apparatus consisted of two small 
dark boxes (20 X 20 X 30 cm), each with a circular stimulus light (3 mm in diameter), 
the rear side of which was pasted up with opal glass and a 3.5 v bulb was enclosed in. 
These two bulbs were connected to stimulator of tachistoscope. The duration of each 
of the stimulus lights was 200 msec. respectively and the interval was 500 msec. The 
left-hand-light was moved along the rail toward the right-hand-one. The range of 
moving the stimulus covered about 30 cm on the rail. The distance of observation was 
2.5 m. By the method of limits, four ascending and descending thresholds were 
measured respectively by reading the scale on the rail and the average was taken. 
2. Two-point threshold - The Ebbinghaus' method of aesthesiometer was used. 
Subject was asked to keep his back of the left hand upside on the desk. The measure-
ment of two-point limen was done on the center of the back of hand, in the same 
direction of the two points of aestheslOmeter with that of the stretch of arm. 
Ascending and descending lim ens were each measured four times. 
3. OFF - Sector type of flicker fusion measurement apparatus made by Takei Kiki 
Kogyo Company Ltd. was usud. By turning round a knob, the cycle of A.C. current 
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which is tansmitted to a synchronous motor was varied. Thus the sector's rotation 
could be regulated. The scale was indicated in "Hz." Ascendig and descending 
thresholds were measured four times respectively and the values were averaged. 
Subjects and procedure: The Ss were 14 undergraduates (13 males and one female). 
All tests were administered to all of the Ss three times, i.e., before and after the 
bodily activity and after the lapse of 30 minutes. Each measurement took about ten 
minutes. As a bodily work, the pulling-up work as follows was given. S's task was 
to pull up the handle of the apparatus, K.Y.S. (Yamakoshi) Type of back strength 
meter, as hard as possible to the rhythm (56 beats) of metronome. After 100 trials of 
pulling were finished, three minutes' rest pause was interposed. The output of the 
muscular efforts was recorded on the kymograph, so that the effort might be kept 
at a constant level as hard as possible. This task took about 30 minutes and Ss 
reported a considerable degree of feeling of fatigue. 
The experiment was carried out over a period of four months, extending from 
October, 1957 to January, 1958. Two Ss a day tried the experiment. All the experi-
ments, including Experiment II and III which will be described later, were conducted 
at the Laboratory of Psychology, Tohoku University, when the writer pursued 
postgraduate work. 
RESULTS 
The results of AM test, Two-point limen, and OFF test are described in the order 
of mention. 
1. AM test - Mean AM thresholds are shown in Fig. 1. as a function of three 
points of measurement. As shown in the Figure, the AM threshold, i.e., the distance 
between the two lights in terms of visual angle when AM can be perceived by S 
became longer after 30 minutes' muscular loading as compared with the distance 
before the loading and became shorter again 30 minutes after the work. Friedman two-
way analysis of variance by ranks performed on the data showed that the difference 
between the three conditions was significant (X;=15.46, df 2. p< .05). There was a 
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Fig. 1. The distance between two-lights in terms of visual angle when AM were 
reported by S as a function of three measurement points. 
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significant difference for "before-after," and "after-30 min. after," by further analysis 
using T test on the data. There was, however, no significant difference between the 
value before loading and that of 30 minutes later. This means that the threshold 
lowered under the condition of bodily work was restored to the level which existed 
before the work. 
2. Two-point limen test - In Fig. 2, the mean two-point limens are plotted as a 
function of the three points of measurements. It is clear from the Figure that two-
point limen becomes larger after the muscular work and is kept on the same level after 
the lapse of 30 minutes. In this case again, a significant difference was found among 
the three conditions (X~=lO.ll, df 2, p<.05 by Friedman's X~ test). The difference 
between the value before work and both of the value after work and 30 min. after 
work was significant by T test. 
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Fig. 2. Two-point limen in each of the three measurement conditions. 
3. OFF test - The mean values of OFF in the three conditions are presented in 
Fig. 3. As found in the figure, there is little change in the OFF value, although only a 
decrement is found toward 30 minutes after the work. No statistically significant 
difference was found among these three values. 
~::1~ 
""' u T I ! ! 
before after after 
30m in. 
Fig. 3. OFF value in each of the three measurement conditions. 
DISCUSSION 
Experiment I was designed to evaluate the usefulness of AM phenomena as an index 
of fatigue by using the situation of hard physical work. As the writer had found that 
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the threshold of apparent movement varied according to the systemic conditions, an 
assumption was made that the threshold might change after hard bodily works leading 
to fatigue in comparison with that of normal conditions. 
In the present experiment, there appeared a considerable amount of changes of AM 
threshold as expected. The change under the same condition was found with two-
point limen, too, but no change of OFF value was brought about. From these findings, 
it may be considered that indeed there occurred no systematic change when one took 
notice of the results of OFF, but perhaps more reasonable interpretation on the data 
may be that the two other kinds of measures, especially the AM threshold reflected the 
changes of organismic condition that occurred in a comparatively short period. OFF 
value may rather reflect the accumulated fatigue that occur in a comparatively long 
period. Thus the AM index may be considered to compensate the OFF index and 
therefore may be used as one of the measurement methods of fatigue. 
EXPERIMENT II 
In experiment I, it was found that the threshold of AM was lowered, i.e., the 
perception of the apparent movement was facilitated under the condition of bodily, 
muscular efforts, although no systematic change of OFF value was found. As the 
experimental situation was limited to the bodily one, it is needed to test the same 
indexes in another situation. The present experiment was designed to exmaine 
whether the same change of value of AM as found in Exp. I would appear under the 
condition of mental effort or not. 
As a mental work, a term examination of psychology was chosen. It was the 
reason for choosing this situation that the time required for the examination was 100 
minutes, and Ss had to concentrate their energies on their subjects .. 
The values of three indexes as used in Exp. I were measured before and after the 
examination. 
METHOD 
Apparatus - For this experiment another apparatus of AM was prepared. The 
chief difference from that used in the Exp. I is that both of the stimulus lights can be 
a first and a second stimulus alternately, that is, the direction of a locus drawn by 
the stimulus lights is reversed at every 50 msec. interval. This improvement has been 
made in order that a successive presentation may make Ss easy to perceive AM. The 
stimulus lights were presented at time intervals of 50 msec. regularly and intermittently 
by a time regulator which was connected to a stabilizer. In passing, it was found by 
Maruyama & Nagatsuka that the 50 msec. time interval gave an optimal apparent 
movement (See Appendix). In the light box (3 X 3 X 5 cm) which has a circular hole 
(5 mm in diameter) on the front of the box, a 100 V neon bulb was enclosed in. The 
circular hole was covered with a sheet of white paper from the rear side to make the 
apparent intensity of both lights equal. In this experiment the right-hand-light was 
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moved to the one of the left. The former was allowed to come near the left-hand-one, 
when the movement started at the point 30 cm apart from the latter (that is, the largest 
distance between the two stimulus covered about 5° of visual angle, the distance of 
observation being 3.5 m). Measurements were carried out six times and the average 
was taken. As regards the two-point limen and OFF, the same apparatus and proce-
dures as in Experiment I were used. 
Suhjects -11 male and 3 female students of Tohoku university, majorig in 
psychology, served as Ss of experimental series. 4 students who had no examination 
were Ss of control series. 
RESULTS 
The results of three kinds of indexes are shown in Fig. 4, Fig. 5, and Fig. 6. In 
this experiment again, it was AM test that showed a systematic change of values 
after mental effort, for the experimental group, in contrast to the changes of control 
group. Specifically, the threshold of AM, i.e., the values of distance between two 
stimulus lights, that gave rise to optimal AM, was greater after the mental loading than 
before it. As to other two tests, there appeared no definite change. With respect to 
the two-point limen, the changes found in both groups were similar and the changes of 
OFF values were in the opposite directions between two groups. 
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Fig. 4. Distance between two lights in terms of visual angle when AM was reproted by S in each 
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Fig. 5. Two-point limen in each condition. Fig. 6. CFF value in each condition. 
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DISCUSSION 
Major findings of Experiment II were that the threshold of AM was lowered, i.e., 
facilitated under the condition of severe mental loading covering lOO minutes but two-
point limen and OFF showed no meaningful tendencies that might be expected from the 
prevailing considerations on the two indexes. These results are almost consistent 
with those of Experiment I and indicate that the AM test reflects the changes of 
organismic state, especially the state of tension, produced by concentrated mental 
efforts. Thus, the results of Experiment II provide sufficient grounds for making the 
AM as one of the test battery of fatigue. At the present time, however, no definitive or 
final answer to the question whether AM can be a useful index or not, seems possible as 
the experimental situation and the number of Ss are limited. 
EXPERIMENT III 
Though the data both of Experiment I and of Experiment II suggested that the 
AM test had a possibility of being an index of fatigue or of effects of physical and 
mental loadings, the question may be raised that it was not the fatigue but the tem-
porary changes of muscular tonus or bodily tension that produced the changes of values 
of AM. To answer this question, a further investigation extending over a comparative-
ly long period of time was designed. For six days, the lapse of the change of three 
indexes was pursued. The writer regarded this condition as the one representing 
accumulated or chronic fatigue. 
METHOD 
Apparatus - The apparatus was the same as that of Experiment II. 
Subjects - For the following two reasons, only two Ss were used: the present 
writer and Dr. K. Maruyama, the then assistant of psychology. The reasons were (1) 
that the experiments extended over about a week and (2) that it was needed to control 
the conditions of measurement as exactly as possible. (3) They were regarded as the 
well-trained subjects in the present study. 
Procedure - Three kinds of tests were administered to the two Ss in the order of 
AM, two-point limen and OFF. In general, the measurements were carried out three 
times a day, i.e., lO :00 am., 13 :00 pm., and 17 :00 pm. In passing, the two person 
served as Experimenter alternately. 
RESULTS 
The curves showing the lapse of changes of value obtained by AM, two-point 
limen, and OFF is illustrated in Fig. 7, Fig. 8, and Fig. 9, respectively. In these figures, 
both broken and solid line are the results of each of two Ss. The kind of work that 
each S had been doing before the measurement of threshold is represented above and 
under the curves of each S in Fig. 7. This representation applies to Fig. 8 and Fig. 9. 
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Fig. 7. Curves showing the lapse of distance between two lights when an optimal AM was 
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One may notice at first sight the systematic change of curve of AM value. Nearly 
all of the curves of AM showed the rising tendencies toward the end of the day. In 
other words, the AM threshold made a slow decrement in each of the six experimental 
days with both Ss. Another tendency to be noticed concerning the lapse is that of 
the limen's becoming higher toward the end of the week as compared with the 
one at the beginning of the week. 
On the results of two-point limen, too, a similar trend is ascertained. The limen 
tended to be hightened day after day with only a few exceptions. Further, the 
tendency of the limen's becoming higher, which was found with AM test as mentioned 
above is evident here, too. Contrary to these results of two indexes, the lapse of 
change of CFF value showed no definite tendency. It was only on the 4th and 5th day 
that the lowering of CFF which was usually regarded as reflections of fatigue was 
observed. 
DISCUSSION 
While no definitive effect of the lapse of the time upon CFF was obtained, the 
effect of it upon the AM and two-point limen was verified in Experiment III. Stated 
in another way, the CFF revealed little change during the six days of measurement, 
whereas AM and two-point limen demonstrated a systematic change according to the 
assumed accumulation of fatigue. It was shown that AM index would be sensitive to 
the prolonged, progressive changes of the state of organism, too. In summary, the 
present data may give a further basis for the use of AM test as an index of fatigue or 
the systemic change of body. 
CONCLUSION 
The results of the Experiment I, II, and III, showed that the AM index 
represented sufficiently not only the effects of short-term, hard physical and mental 
labor, but also those of the long-term lapse of change of organism's systemic conditions. 
The results seem to be explained according partly to the postulate of the Sensory-
tonic field theory developed by Werner & Wapner (1949, 1952). But this explanation 
has some difficulties. To be sure, the findings of Experiments I and II may reveal 
that the increased tonus produced by the temporary concentrated hard effort made 
the perception of AM easier than the normal state. This explanation, however, does 
not apply to the results of Experiment III: there was no particular involvement of 
muscular and mental works. 
The same distinct tendencies were also found in two-point limen test. The results 
were almost in line with the general tendencies reported within the framework of fatigue 
research. But it was found that CFF index was not so sensitive. This lack of a 
definitive tendency shown by CFF was true to the writer's expectations and is in accord 
with the result already reported by Ohtagaki (1965) and with that of our recent 
experiment (Nagatsuka and Ohta, 1975). Ohtagaki found in his experiments on the 
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fatigue of the truck drivers of long-range driving that out of the eight kinds of 
psychological tests including OFF, only two assessments, i.e., two-point limen and 
balancing tests showed consistent and stable changes. The latter authors obtained 
similar results. In their experiment on the fatigue in the long-term drivig, i.e., driving 
extending over eight hours, OFF value showed little difference between the experimen-
tal (driving) and control (non-driving) conditions. 
It seems to be necessaty to analyze further the reason why the changes of thres-
hold of AM and two-point took place and those of OFF did not in such conditions as 
prepared in the present three experiments. 
The research reported here should be treated as of a pilot nature and the results 
may not simply be attributable to the fatigue. Nevertheless, considerably consistent 
and positive findings with the AM index seem to suggest that the index, if used 
carefully together with other kinds of indexes, can open a fruitful avenue for empirical 
exploration of fatigue. 
ApPENDIX 
The determination of the duration of the time interval of two lights. 
By using the same apparatus as in the Experiment II, we examined the relation-
ship between the time interval of two AM lights and the spatial distance between them 
when an optimal AM is reported. The present writer and Dr. Maruyama served as Ss. 
Appendix Fig. 1 summarizes the results obtained under the condition of keepmg 
the presentation time of stimuli 50 msec. and Fig. 2 those obtained under the con-
dition of keeping it 100 msec. By regulating the time interval ranging from 10 msec. 
50ms.50ms. 
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Appendix Fig. 1. Distance between two lights in terms of visual angle when an optimal AM was 
elicited as a function of duration (T) of interval. Presentiation time was 50 msec . 
.Jil 0.75,---------------, 
~ 
~ 0.5 
:g 
" 0.25 g 
~ 
is 50 100 200 ms 
--T 
Appendix Fig. 2. Distance between two lights in terms of visual angle when an optimal AM was 
eltcited as a function of duration (T) of interval. Presentation time was 100 msec. 
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to 200 msec. variously, the duration of the time interval when an optimal AM was 
elicited under the greatest spatial interval of two lights was explored. 
As is clear from the two figures, the greatest distance of two lights was found at the 
duration time of 50 msec. in both conditions of the presentation time. 
On the basis of these data, the duration time of 50 msec. was selected. As a 
presentation time, 50 msec. was used. It is because a more clear-cut lapse of curve was 
found in Fig. 1, in which the presentation time was 50 msec. 
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